Abstract. High-speed railway system has been developed with unprecedented pace in recent decades. Various type of bridges (elevated structures) were built for high speed railway infrastructure due to land saving and sound operational condition provided. In this paper, the detailed modeling of the prestressed concrete girder stiffened by concrete filled steel tubular (CFST) arch was developed. Displacement, static stress, dynamic characteristics was obtained by analysis. The overall structural performance has been concluded.
Introduction
High-speed railway offers a reliable and high efficient transportation means that enhances the movement of persons and serves as the main artery of the national economy as well as the major national infrastructure system. A large amount of bridge structures has been built to carry the high speed railway due to strict operation requirements of structural stiffness and land savings [1] . Various bridge types were employed in different railway lines and landscapes, among which the prestressed concrete girder stiffened by concrete filled steel tubular (CFST) arch were recommend for medium span bridge structures (Figure 1 ). This hybrid structure system was designed to reach a large span up to 180 m while the superstructure maintaining a better operational condition for high speed train at 350 km/h. In fact, the structural stiffness in both vertical and transverse direction are provided by the prestressed girder, which means that the CFST act like a flexible external stiffening subsystem.
In this paper, the overall structural performance of a longest span prestressed concrete girder bridge stiffened by CFST arch was analyzed through finite element modeling. Displacement, buckling, dynamic characteristics are discussed and some recommendations were then put forward.
Bridge Description and Modelling
The bridge has a main span of 180 m and two side spans of 90 m, which total length was 360 m and set the record for this type of bridge in China (Figure 1 ). The super structure consisted of 85 cast-in-place segments of depths varying from 11.0 m at the main piers to 5.5 m at the mid span. Since the prestressed concrete girder cannot provide as much stiffness as the codes required, concrete-filled steel-tube (CFST) arch was added to stiffen the prestressed concrete box girder in mid span. The CFST arch axis is quadratic parabola and has a span ratio of 1/5. The transverse center distance between two ribs was 11.9 m. The cross-section of arch rib is 3.1m high, and consists of two steel tabular with diameter of 1.1 m, and the wall thickness is 20mm and 24mm. Between the arch ribs there are 9 steel lattice posts. A total of 18 sets of hanger are installed.
A 3D beam-like model is developed as shown in Figure 2 . The prestressed box girder is modelled as a "spine beam", and rigidly connected with the arch ribs by means of rigid links. The following factors are take into account in the following analysis:
• The interaction between the steel tabular and the internal concrete Table 1 show the static deflection of the superstructure under various loadings. The maximum vertical deflection is 53.1 mm under ZK train load, which equals to 1/3388 of the span length. Rotational angle at the end of the bridge is 0.616%. Both displacement satisfy the requirements of China's design codes. The deflection curve of the superstructure subject to train loading are shown Figure 3 , where the solid curve represents the envelop of vertical deflection during the cantilever casting of girder segments. for overall buckling during operation situation. The analysis result of elastic buckling of the CFST arch was shown in Figure 4 , and the buckling factor was of 8.3. On one hand, it shown that the arch can sustain a high enough bearing capacity for overall buckling, while, on the other hand, the buckling mode, which is unsymmetrical bending in transverse direction, is different from the classical arch buckle of pure transverse bending. The reason is that the relatively small stiffness of the CFST arch rib compared to the prestressed concrete box girder. In other words, the CFST arch rib was designed to stiffen the concrete girder partly rather than fully. The high speed train demands a strict requirement for track regularity. More specifically, the fast running train requires bridge structures under the track with high performance of stiffness and settlement to ensure the track regularity [2] . The nature vibration frequencies of the top 10 mode were listed in Table 3 , and it showed that the first critical frequency is of 0.951 Hz -symmetrical vertical bending of superstructure. It could be concluded that the stiffened CFST arch ribs contributed a lot to improve the vertical stiffness of such a long span structure. The transverse vibration of the arch-only system and the vertical vibration of overall superstructure are shown in Figure 5 .
Results of Static Structural Analysis

Conclusion
A typical prestressed concrete girder stiffened by CFST arch was analyzed through finite element analysis. It shown that this kind of hybrid superstructure provide better stiffness for ZK train loading, while the designed CFST rib remain low stress levels under various design loading cases. Further, the buckling analysis and the free vibration analysis shown that the CFST arch rib stiffened the superstructure with a relatively small stiffness compared to the prestressed concrete box girder.
